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1 First developed as an antiallergic drug, tranilast inhibits chemical mediator release from mast cells. In
the present study, we examine the e�ects of tranilast on angiogenesis in vitro and in vivo and discuss the
application of tranilast for angiogenic diseases.

2 Tranilast inhibited signi®cantly the proliferation (IC50: 136 mM, 95% con®dence limits: 134 ± 137 mM)
and vascular endothelium growth factor (VEGF)-induced chemotaxis (IC50: 135 mM, 95% con®dence
limits: 124 ± 147 mM) of human dermal microvascular endothelial cells (HDMECs) at concentrations
greater than 25 mg ml71. No toxicity to HDMECs measuring by LDH release and no inhibitory e�ects
on metalloproteinase (MMP)-2 and MMP-9 activity were observed even at 100 mg ml71 (306 mM).
3 Tube formation of HDMECs cultured on the matrigel as an in vitro angiogenesis model was inhibited
by tranilast in a concentration-dependent manner. The IC50 value and 95% con®dence limits were
175 mM and 151 ± 204 mM, respectively.
4 In vivo angiogenesis was induced in mice by the subcutaneous injection of matrigel containing
30 ng ml71 VEGF and 64 mg ml71 heparin. Tranilast was administered orally twice a day for 3 days.
Tranilast dose-dependently suppressed angiogenesis in the matrigel and a signi®cant change was
observed at a dose of 300 mg kg71.

5 These results indicate that tranilast is an angiogenesis inhibitor which may be bene®cial for the
improvement of angiogenic diseases such as proliferative diabetic retinopathy, age-related macular
degeneration, tumour invasion and rheumatoid arthritis.
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Introduction

Tranilast has been used clinically as an antiallergic drug for
the systemic and topical treatment of bronchial asthma,
atopic dermatitis and allergic conjunctivitis. The clinical ef-
fectiveness of tranilast depends on inhibition of the release
of chemical mediators from mast cells and of hypersensi-
tivity reactions (Azuma et al., 1976; Koda et al., 1976). We
have reported that in addition to e�ects on mast cells, tra-
nilast inhibits the proliferation of ®broblasts in vitro and
consequently suppresses proliferative in¯ammation in vivo
(Isaji et al., 1987). Subsequently, it was found that tranilast
inhibits the release of transforming growth factor (TGF)-b,
interleukin (IL)-1b, prostaglandin (PG) E2 and IL-2 from
human monocytes and macrophages (Yanagi et al., 1987;
Suzawa et al., 1992). In addition, we found that tranilast
inhibits the transformation of ®broblasts to myo®broblasts
and their contraction in vitro and suggested that tranilast
may improve the ®broblast- or myo®broblast-induced con-
traction of ®brotic tissue (Isaji et al., 1994). Tanaka et al.
(1994) found that tranilast inhibits the proliferation of
smooth muscle cells. Tranilast also inhibited proliferative
reactions of smooth muscle tissue in animals models for
restenosis after percutaneous transluminal coronary angio-
plasty (PTCA) (Fukuyama et al., 1996) and has been used
clinically for the treatment of restenosis after PTCA (Kato
et al., 1996).

In the present study, we examined the e�ects of tranilast
on angiogenesis in vitro and in vivo and consider its use in
treating other diseases concomitant with excess angiogen-
esis.

Methods

Cell culture

Human dermal microvascular endothelial cells (HDMECs, Cell
System Corporation, WA, U.S.A.) were purchased from Dai-
nippon Seiyaku Co., Ltd, Japan. The cells in microvascular
endothelial cell (MvE) medium (Cell System Corporation) were
plated on collagen-coated culture plates (Toyobo Engineering
Co., Ltd, Japan) and incubated at 378C in a humidi®ed atmo-
sphere of 5% CO2 in air. Cells from passage 3 to 5 were used.

MMP-2 and MMP-9 assay

Human matrix metalloproteinase (MMP)-2 and MMP-9
(biotechnological grade) were purchased from Yagai Research
Center, Japan. MMP activity was determined by the degra-
dation of ¯uorescein-labelled type IV collagen using a type IV
collagenase assay kit (Yagai Research Centre, Japan). Trani-
last (MW: 327.24, Kissei Pharmaceutical Co, Ltd, Japan) was
solubilized with 1% NaHCO3 solution at 708C and diluted
with assay bu�er at a ®nal concentration of 0, 12.5, 25, 50 and
100 mg ml71.

HDMEC proliferation

HDMECs in MvE medium were seeded on collagen-coated 6-
well plates at 26104 cells/plate. After 1 day, the medium was
aspirated and replaced with the fresh medium containing
various concentrations of tranilast (®nal concentrations: 0,
12.5, 25, 50 and 100 mg ml71). On day 2, the medium was
aspirated and 0.25% trypsin containing 0.02% EDTA added
to remove the cells from the plate. The number of cells was
determined by a haemocytometer in ®ve cultures. Viability of
cells was assessed by measuring lactate dehydrogenase (LDH)1Author for correspondence.
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release as a marker of cell injury from HDMEC treated with
tranilast for 2 days. LDH activity in medium and cells (lysed
by adding 0.2% Tween 20) was determined using LDH CII
Test Wako (Wako Pure Chemical Industries, Ltd, Japan).
Released LDH was de®ned as the percentage of extracellular
compared to total LDH activity.

HDMEC chemotaxis

Vascular endothelial growth factor (VEGF, Genzyme Cor-
poration, U.K.)-induced chemotaxis of HDMEC (Ferrara &
Davis-Smyth, 1997) was determined in a 96-well microchemo-
taxis chamber (Neuro Probe Inc., U.S.A.). A polycarbonate
®lter of 10 mm thickness with 8 mm pore size was coated with
50 mg ml71 type 1 collagen (Cellmatrix Type I-P, Nitta Gelatin,
Japan). HDMECs (50 ml of 26104 cells ml71) in Dulbecco's
modi®ed Eagle medium (DMEM) and Ham's F12 (1:1) con-
taining 0.1% bovine serum albumin (BSA) and various con-
centrations of tranilast were applied in the upper compartment
of the chamber. The medium (32 ml) containing 100 ng ml71

VEGF, 0.1% BSA, and tranilast was added to the lower com-
partment of the chamber. The chamber was incubated at 378C
for 5 h in 5% CO2 and 95% atmosphere. After incubation, the
®lter was removed, and the migrated cells were ®xed with 90%
ethanol and stained with Di�-Quick (Baxter Diagnostics Inc.).
The number of migrated cells was counted in ®ve random ®elds
at6400 magni®cation under phase-contrast microscopy.

In vitro tube formation

According to the method described by Haralabopoulos et al.
(1994), 250 ml matrigel (10 mg protein ml71, Becton Dickinson
Labware, MA, U.S.A.) was added to a 24-well plate (Corning,
U.S.A.) and was then allowed to solidify at 378C for 1 h.
HDMECs (16104 cells) were seeded on the matrigel and cul-
tured in the MvE medium containing various concentrations
of tranilast at 378C for 18 h in a humidi®ed atmosphere of 5%
CO2 in air. After incubation, ®ve di�erent ®elds in six cultures
were randomly observed with a phase-contrast microscope and
photographed at 640 magni®cation. The lengths of the tube
structures were measured.

In vivo angiogenesis

Nine-week-old male C57BL/6 mice were purchased from SLC,
Japan. According to the method described by Passaniti et al.
(1992), 0.5 ml matrigel (10 mg protein ml71) containing VEGF
(30 ng ml71) and heparin (64 units ml71, Novo Nordisk) was
injected s.c. on the dorsal surface. Tranilast was dissolved in
0.5% carboxymethyl cellulose-Na (CMC-Na, Nacalai Tesque,
Japan) and administered orally twice a day for 3 days. Three
days later, the mice were sacri®ced under ether anaesthesia,
and matrigel was harvested from surrounding connective tis-
sue. After digestion by 0.02% collagenase, the haemoglobin

content of the matrigel was determined by Hemoglobin Test
Wako (Wako Pure Chemical Industries Ltd, Japan).

Statistical analysis

Data are expressed as means+s.e.mean. Analysis of the re-
gression line test was used to calculate IC50 or ED50 and their
95% con®dence limits. Statistical signi®cance between groups
was performed by one-way analysis of variance (ANOVA)
followed by Dunnett's test. Di�erences were considered sta-
tistically signi®cant at P50.05.
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Figure 1 E�ects of tranilast on proliferation of HDMECs.
HDMECs (26104) were incubated at 378C in MvE growth medium.
After incubation for 1 day, medium was aspirated and the fresh
medium containing various concentrations of tranilast was added to
the cells and incubated for a further 2 days. The number of cells was
determined in ®ve cultures by a haemocytometer. Data are the
means+s.e.mean. Statistically signi®cant di�erence compared with
responses in the absence of tranilast, *P50.05, **P50.01.

Table 1 E�ects of tranilast on MMP-2 activity and MMP-9
activity

Tranilast
(mg ml71)

MMP-2 activity
(unit ml71)

MMP-9 activity
(unit ml71)

0
12.5
25.0
50.0
100.0

1.09+0.07 (100)
1.07+0.07 (98)
1.05+0.07 (96)
1.03+0.07 (95)
1.07+0.06 (98)

2.49+0.16 (100)
2.51+0.06 (101)
2.66+0.05 (107)
2.56+0.07 (103)
2.54+0.09 (102)

MMP activity was determined by measuring the ¯uorescent
intensity released from ¯uorescein-labelled type IV collagen
substrate by human MMP-2 or MMP-9. Units of MMP
activity are de®ned as mg of substrate degraded per min.
Numbers in parentheses represent mean percentage of the
control. Data are shown as means+s.e.mean of ®ve samples.
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Figure 2 E�ects of tranilast on VEGF-induced chemotaxis of
HDMECs. VEGF-induced chemotaxis of HDMECs was determined
by the Boyden chamber method using collagen-coated membrane
(8 mm pore size). HDMECs (26104) in DMEM and Ham's F12 (1:1)
containing 0.1% BSA were placed in the upper chamber. VEGF was
included in upper and lower chambers. The chamber was incubated
at 378C for 5 h. The number of cells migrating to the lower side of
the membrane was counted in ®ve random ®elds at 6400
magni®cation under phase-contrast microscopy. Data are the means
+s.e.mean. Statistically signi®cant di�erence compared to responses
in the absence of tranilast, **P50.01.
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Results

MMP-2 and MMP-9 activity

The results on MMP-2 and MMP-9, which are related to the
degradation of basement membrane in the process of angiogen-

esis, are shown in Table 1. MMP-2 activity andMMP-9 activity
were slightly decreased and increased by the treatment of trani-
last compared to controls, respectively. However, those changes
were less than 10% of control values and no signi®cant changes
were observed. Tranilast did not a�ect MMP-2 and MMP-9
activity even at a concentration of 100 mg ml71 (306 mM).

Figure 3 Phase-contrast micrographs of tube formation of HDMECs on matrigel. HDMECs were seeded on matrigel and
incubated at 378C for 18 h in medium containing various concentrations of tranilast. Morphological features of HDMECs treated
with medium alone (a), 12.5 mg ml71 (b), 25 mg ml71 (c), 50 mg ml71 (d) or 100 mg ml71 tranilast (e) were photographed at 640
magni®cation with phase-contrast microscopy. Bar=100 mm.
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HDMEC proliferation

As shown in Figure 1, proliferation of HDMECs was inhibited
by tranilast in a concentration-dependent manner. Signi®cant
di�erences were observed at a tranilast concentration of
25 mg ml71. IC50 value and 95% con®dence limits were
44.3 mg ml71 (136 mM) and 43.8 ± 44.9 mg ml71 (134 ± 137 mM),
respectively. The e�ect of tranilast on LDH release, which is a
marker of cell injury, from HDMECs was assessed. Tranilast
exerted no signi®cant e�ects on the viability of cells even at
306 mM (LDH release: 17.8+3.1%) compared to the control
(LDH release: 16.6+3.1%). Thus, selective e�ects of tranilast
on inhibition of HDMECs proliferation without a�ecting cell
viability were observed.

HDMEC chemotaxis

Addition of VEGF (100 ng ml71), which has an important
role for angiogenesis (Ferrara & Davis-Smyth, 1997), in only
the lower chamber markedly increased HDMEC migration by
approximately 3.4 and 2.1 fold compared to the addition of
VEGF in only the upper chamber and in both upper and lower
chambers, respectively (Figure 2). Thus, chemotaxis of
HDMECs depended on the gradient of VEGF concentration.
The VEGF-induced chemotaxis (addition of VEGF in the only
lower chamber) was signi®cantly inhibited by tranilast at the
same concentrations (425 mg ml71) that inhibited the prolif-
eration of HDMECs (Figure 2). The IC50 value and 95%
con®dence limits were 44.1 mg ml71 (135 mM) and 40.5 ±
48.1 mg ml71 (124 ± 147 mM), respectively.

In vitro tube formation

As an in vitro angiogenesis model, we used the tube forma-
tion of HDMECs on matrigel and examined the e�ects of
tranilast on in vitro angiogenesis. As shown in Figure 3a,
HDMECs were elongated and appeared as a network for-
mation on the matrigel. As the concentration of tranilast was
increased, the tube formation was visibly reduced (Figure
3b ± e). The result of quantitative measurement of the tube
length is shown in Figure 4. Treatment with tranilast reduced
the tube formation of HDMECs in a concentration-depen-
dent manner. Signi®cant inhibition was observed at concen-
trations greater than 25 mg ml71, and the IC50 value and 95%
con®dence limits were 57 mg ml71 (175 mM) and 49.2 ±
66.5 mg ml71 (151 ± 204 mM), respectively.

In vivo VEGF-induced angiogenesis

As VEGF has been recognized as an important angiogenic
factor, in vivo angiogenic reactions were induced by the s.c. in-
jection of matrigel containing heparin and VEGF. E�ects of
tranilast on angiogenesis were examined by measuring the hae-
moglobin content in the matrigel. In a dose-dependent manner,
tranilast suppressed the VEGF-induced angiogenesis in matri-
gel; 58% of signi®cant suppression was observed at a dose of
300 mg kg71 (Figure 5). The ED50 value and 95% con®dence
limits were 165 mg kg71 and 162 ± 169 mg kg71, respectively.

Discussion

Angiogenesis involves destruction of the basement membrane
by proteases, migration and proliferation of endothelial cells,
and transformation of endothelial cells to form tubes (Batte-
gay, 1995). To suppress excess angiogenesis, collagenase inhi-
bitors (Ray & Stetler-Stevenson, 1996) and inhibitors of
migration, proliferation and transformation of endothelial
cells have been developed (Ingber et al., 1990; Vukanovic et al.,
1993; Hu & Fan, 1995; Seed, 1996). We found that tranilast
inhibits important steps of angiogenesis including chemotaxis,
proliferation and tube formation of microvascular endothelial
cells in vitro, and exerts an inhibitory e�ect on angiogenesis in

vivo. At e�ective concentrations and doses, tranilast did not
a�ect cell viability as determined by measuring LDH release
from HDMECs, and mouse growth, so its e�ects on angio-
genesis are considered to be selective.

Among the angiogenic factors examined, VEGF has been
shown to play a key role in angiogenesis (Ferrara & Davis-
Smyth, 1997) and it is therefore important to assess the re-
sponses of endothelial cells to VEGF. Tranilast inhibited
VEGF-induced chemotaxis and subsequent proliferation of
endothelial cells. Although the precise inhibitory mechanisms
of tranilast in these reactions have not been elucidated, this
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Figure 4 E�ects of tranilast on tube formation of HDMECs on
matrigel. HDMECs (16104) were seeded onto the matrigel and
incubated at 378C in MvE growth medium containing various
concentrations of tranilast. After 18 h, tube formation on the
matrigel was photographed in ®ve random ®elds at 640 magni®ca-
tion under phase-contrast microscopy. The length of tube structures
was measured and expressed as percent of control (0 mg ml71

tranilast). Data are the means+s.e.mean of six cultures. Statistically
signi®cant di�erence compared with responses in the absence of
tranilast, *P50.05, **P50.01.
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Figure 5 E�ects of tranilast on VEGF-induced angiogenesis in vivo.
Matrigel (10 mg protein ml71) containing 30 ng ml71 VEGF and 64
units ml71 heparin was injected s.c. in mice. Tranilast was dissolved
in 0.5% carboxymethylcellulose solution and administered orally
twice a day for 3 days. The matrigel was harvested, and the
haemoglobin content of the matrigel was determined as an index of
angiogenesis. Data are shown as means+s.e.mean from eight mice.
Statistically signi®cant di�erence, compared to responses in the
absence of tranilast, *P50.05.
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compound inhibits energy consumption and/or Ca2+ in¯ux at
the time of degranulation from mast cells (Koda et al., 1985).
Energy consumption and Ca2+ also play important roles in the
chemotaxis and proliferation of various cells (Lane & Lamkin,
1984; Henry, 1990), and so it is possible that tranilast acts to
inhibit these processes in endothelial cells. Tranilast was re-
ported to arrest the cell cycle at the G0/G1 phase (Isaji et al.,
1994), and this may participate in the selective inhibition of cell
proliferation without toxic e�ects. Antiproliferative substances
a�ecting the S phase and/or M phase of the cell cycle cause cell
death concomitantly with inhibition of proliferation and
could, therefore, not have selective e�ects on proliferation.
Tranilast thus appears to be an angiogenesis inhibitor a�ecting
the G0/G1 phase of the cell cycle.

Degradation of extracellular matrix by MMPs, chemotaxis,
proliferation and morphological di�erentiation of endothelial
cells are involved in tube formation of endothelial cells on
matrigel (Kubota et al., 1988). The e�ect of tranilast on tube
formation may be due to e�ects on all these processes. How-
ever, tranilast did not a�ect MMP-2 or MMP-9 activity, which
has important roles in degradation of the basement membrane
(Fabunmi et al., 1996). It is known that tranilast inhibits the
transformation of ®broblasts to myo®broblasts in culture (Isaji
et al., 1994). Although it is di�cult to evaluate, the e�ect of
tranilast on the transformation of endothelial cells is an in-
teresting subject for future research. Tranilast signi®cantly
inhibited VEGF-induced angiogenesis at 300 mg kg71 in vivo.
When 300 mg kg71 of tranilast was administered p.o. in mice,
the plasma concentration su�cient to reveal its in vitro e�ects
was maintained for about 8 h (data not shown).

Tranilast has an inhibitory e�ect on mast cell degranulation
(Azuma et al., 1976) and it has been reported that mast cells
participate in angiogenesis (Rizzo & DeFouw, 1996). Mast
cells produce angiogenic cytokines and secrete granules con-
taining in¯ammatory mediators and heparin in response to
in¯ammatory and allergic stimuli (Qu et al., 1995). Heparin
binds to various angiogenic cytokines and enhances their an-
giogenic activities in vitro (Castellot et al., 1986) and in vivo
(Norrby & Sorbo, 1992; Passaniti et al., 1992). Although the
participation of mast cells in angiogenesis has not been clari-
®ed in detail, it is possible that tranilast inhibited a part of the
in vivo angiogenesis enhanced by heparin released from mast
cells. A dose of 300 mg kg71 was su�cient to inhibit a hy-

persensitivity reaction dependent on mast cell degranulation
(Azuma et al., 1976). Further studies are needed to clarify
whether tranilast a�ects angiogenic cytokine release from mast
cells and to what degree mast cells participate in angiogenesis
in vivo.

Angiogenesis is involved in the pathogenesis of tumour in-
vasion and rheumatoid arthritis (Folkman, 1995). In tumor
metaplasia, degradation of basement membrane by MMPs is a
key factor as well as angiogenesis and MMP inhibitors could
suppress metastasis and tumour progression (Stetler-Stevenson
et al., 1996). Many factors are related to the pathogenesis of
rheumatoid arthritis, although these include proliferative in-
¯ammatory reactions concomitant with angiogenesis (Poole,
1993; Folkman, 1995). Further studies are needed to investi-
gate the e�ects of tranilast in these clinical conditions. An-
giogenesis is also a predominant feature of the pathogenesis in
diabetic retinopathy and age-related macular degeneration.
These diseases are characterised by angiogenesis, proliferation
of ®brotic tissue and contraction of the ®brotic tissue, which
cause clinical symptoms such as bleeding and destruction of
the retina (Garner, 1993; Killingsworth, 1995). Tranilast has
various pharmacological e�ects other than inhibition of an-
giogenesis including inhibition of ®broblast proliferation (Isaji
et al., 1987), cytokine release from monocytes and macro-
phages (Yanagi et al., 1987; Suzawa et al., 1992), transfor-
mation of ®broblasts to myo®broblasts and their contraction
(Isaji et al., 1994) and collagen deposition in vivo (Isaji et al.,
1987, 1994). Thus, tranilast may exert its bene®cial e�ects for
the treatment of these two diseases by inhibiting angiogenesis
and the development of ®brotic tissue around the microvas-
cular vessels and their contraction.

In conclusion, tranilast is a novel angiogenesis inhibitor in
vitro and in vivo concomitant with inhibitory e�ects on mast
cell degranulation and proliferative in¯ammation. Depending
on its pharmacological e�ects and clinical safety, tranilast
may be bene®cial for the treatment of angiogenic diseases,
especially diabetic retinopathy and age-related macular de-
generation.

We thank Ms Shiho Tanaka for assistance with analysis of tube
formation.
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